Isomers of Cs2Hen + and shift of excited states with solvation
Figure S1 includes structures of Cs2Hen + , n = 1-12, clusters optimized at the CCSD/def2TZVP level of theory. For each n, all distributions of helium atoms on both ends of the Cs-Cs axis were considered. Table S1 shows the relative stability of the isomers as well as excitation energy into four allowed electronic states. Projections of structures shown in Figure S1 into a Cs-Cs-He plane. Red circles show two helium atoms at the same position. 
Figure S3
-Plotted shifts shown in Table 2 for a) 1 2 Σu + and b) 1 2 Πu states. 
Computational treatment of excited states
In Figure S4 , we compare two methods (MRCI, EOM-CCSD) and two basis sets (def2TZVP and def2QZPPD) for calculation of the excited states in Cs2 + . Due to the loosely bound 1 2 Π excited state, the choice of the basis set represents an issue. In Figure S4a ,b, we show that the position of the 1 2 Π minimum changes considerably when passing from the def2TZVP to the def2QZVPPD basis set. On the other hand, both methods give similar results when using the def2QZVPPD basis set, with the same shape of the potential energy curves; however, the EOM-CCSD method predicts 
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3. Spin-orbit coupling in Cs2 + 
Modeling of absorption spectra
To describe purely dissociative states (1 2 Σ u + , 2 2 Σ u + , 2 2 Π ), we use the reflection principle ( Figure S8a ). Comparing the results of the linearized reflection principle with the ones obtained through direct solution of the Schrödinger equation on a grid, we can see that even the approximate treatment provides absorption spectra of good quality. For the bound 1 2 Π electronic state, a quantitative description of the experimentally measured absorption spectrum within Franck-Condon simulation is more complicated. The position of the excited state minimum depends sensitively on the basis set quality and method employed ( Figure S4) , influencing Franck-Condon integrals. For these reasons, quantitative agreement with the measured spectra could not be reached ( Figure S8b) . The experimental setup utilizes helium nanodroplets to pick up Cs atoms and agglomerate them into small clusters. The droplets are produced via supersonic expansion of pre-cooled helium (27 bar, 9.95 K) through a 5 µm nozzle. After the helium nanodroplet beam is skimmed, it traverses a residually heated oven which evaporates the sample to the gas phase where it is picked up. The doped droplets are ionized via electron bombardment well after the cesium clusters have formed on their surface. The ionization dynamics yields the final helium-cesium complexes after the excess energy from the pickup and the ionization evaporates some helium (see Phys. Rep. 751 (2018) 1-90; Phys. Chem. Chem. Phys. 9 (2007) 4748-4770) . The orthogonal extraction of the ions from the neutral beam facilitates merging of the laser light with the He tagged ions. The ion beam is then focused by an Einzellens-stack to be subsequently extracted into a time of flight mass spectrometer. The pulsed light source is operated in such a way that every 10 th extraction into the time of flight apparatus is irradiated when passing the Einzel-lens-stack. The extractions of the time of flight are organized in blocks of 10 segments, where each segment is allocated into its own memory buffer. One of those buffers will collect the irradiated data while the other channels sequentially collect the reference spectra with a sampling rate of 1kHz. A differential spectrum is calculated from the recorded data and wavelength dependent mass traces are extracted to illustrate the wavelength dependent depletion of a single mass. Several filter and normalizations are applied to the raw data in order to account for laser power fluctuation and other effects. The laser light source is able to produce laser light of high brilliance from 210 to 2600 nm but the pulse power depends strongly on the wavelength. At certain wavelengths, the combination of absorption cross-section and laser-power does not allow conclusive statements on the existence of absorption lines. S13 S14 Figure S12 : The corrected depletion spectra in the 1.2-1.7 eV region fitted with multi-Gaussian peaks.
